The layered evaluation of interactive adaptive systems has to consider many evaluation methods. The best evaluation method to be used for individual layers depend on many parameters such as the evaluation criteria, the stage of the development cycle, and the characteristics of the layer under consideration. This paper presents a decision model for selecting the appropriate evaluation methods for individual layers of the interactive adaptive system. Our proposal is based on one multi-criteria method, namely ELECTRE TRI method. The proposed decision model is applied to determine the suitable evaluation methods for an adaptive hypermedia system.
INTRODUCTION
Nowadays Interactive Adaptive Systems (IAS) are omnipresent in many application domains such as education, tourism, and e-commerce (Brusilovsky et al., 1996; Goren-Bar et al., 2005; Goy et al., 2006) . The evaluation of these systems is an important part of their development process. Several studies have reported the advantages of the layered evaluation approach for interactive adaptive systems (Brusilovsky et al., 2001; Weibelzahl, 2001; Paramythis et al., 2010) . By applying this approach, each layer of adaptation is assessed individually where feasible (Paramythis et al., 2010) . A layer of adaptation refers to a particular step in the adaptation process of IAS (Paramythis et al., 2010) . In every layer, different evaluation methods can be applied. It is essential to choose the appropriate evaluation methods for individual layers in particular evaluation constraints (Paramythis et al., 2010) . The literature has identified numerous evaluation methods for interactive adaptive systems (Gena, 2005; Gena and Weibelzahl, 2007; Velsen et al., 2008; Mulwa et al., 2011; Dhouib et al., 2016a) . Some of them, like user-as-wizard (Masthoff, 2006) , are specific for the IAS field. The diversity of the evaluation methods makes the choice of the best ones in particular settings a difficult task. For instance, evaluators need to understand the suitability of each evaluation method in a particular situation (Ferré and Bevan, 2011; Dhouib et al., 2016a) . They also have to consider different criteria such as the availability of stakeholders, the system development phase, the characteristics of layers, etc. Using a particular Multi-Criteria Decision Analysis (MCDA) method in the choice of the suitable evaluation methods decision process is an important strategy to deal with the presence of numerous criteria.
In the interactive adaptive system literature, there are few research studies that address the question of the choice of evaluation methods for the individual layers. Paramythis et al. (Paramythis et al., 2010) for example, presented a framework that guides the layered evaluation of IAS. The proposed framework represents a revised version of the previous layered frameworks, mainly those of (Paramythis et al., 2001; Weibelzahl and Lauer, 2001; Brusilovsky et al, 2004) . The authors propose the evaluation criteria related to every layer of adaptation and the methods to be applied for their evaluation. Another study was presented by (Dhouib et al., 2016b) in which Analytic Hierarchy Process was used for the selection of the best evaluation methods. In spite of the major progress in IAS research, we still lack a decision model that deal the problem of selection of suitable evaluation methods for individual layers with a sorting problematic. Then, this paper presents a novel decision model that assigns evaluation methods to each layer of adaptation. This kind of decision problem is known as a sorting problem under the MCDA approach (Roy, 1996) . A large number of MCDA sorting methods are available in the literature. In this research, we adopt one MCDA method, namely the ELECTRE TRI method. This MCDA method is considered as one of the most commonly used MCDA methods for sorting alternatives into predefined categories. More details about the ELECTRE TRI method can be found in (Yu, 1992; Roy and Bouyssou, 1993) .
The rest of this paper is structured as follows. First, we start by a description of the layered evaluation of interactive adaptive systems and the MCDA method adopted in this study (Section 2). Afterward, we present the decision model that guides IAS evaluators in the selection of appropriate evaluation methods for individual layers (Section 3). Following that, we illustrate our proposal with a case study related to an adaptive hypermedia system in order to validate it (Section 4). Finally, we present some conclusions and future work (Section 5).
STATE OF THE ART

The Layered Evaluation of Interactive Adaptive Systems
The main idea behind layered evaluation is to separate the adaptation process into its components (layers) and to assess them separately (Paramythis et al., 2001; Paramythis et al., 2010) . In the literature, a number of layered evaluation approaches have been proposed (Karagiannidis and Sampson, 2000; Paramythis et al., 2001; Brusilovsky et al., 2004; Paramythis et al., 2010 , Manouselis et al., 2014 . These approaches differ essentially in the number of layers identified. Paramythis et al. (Paramythis et al., 2010) distinguished five layers for interactive adaptive systems, including (1) collection of input data in which data about the interaction context and the user interaction are collected, (2) interpretation of the collected data in which an interpretation of the previously collected input data is conducted, (3) modelling of the current state of the world in which knowledge about the interaction context is introduced in IAS' dynamic models, (4) deciding upon adaptation in which the appropriate adaptation is selected, and (5) applying adaptation which reflects the step of introduction of the adaptations in the user-system interaction. In every layer, different evaluation methods can be applied in order to identify in which layer the problem is.
Multi-criteria Decision Aid
Overview
Various MCDA methods have been developed to facilitate the decision-making process. MCDA methods consist of the three major concepts, including:
 The criteria which refer to the factors on which the decision is based. The identification of criteria is an essential step in the decisionmaking process.  The alternatives which reflect the set of potential solutions for the decision-making problem.  The preferences between two alternatives (a, b) that can have three types, including (1) preference aPb, which means that alternative a is preferred to b, (2) indifference aIb, which means that a is indifferent to b, and (3) incomparability aRb, which means that a is incomparable to b.
The next section presents the adopted MCDA method in the present research.
ELECTRE TRI
ELECTRE TRI is a sorting multi-criteria method. It assigns a set of alternatives to predefined ordered categories C (Yu, 1992; Mousseau and Slowinski, 1998) . The assignment of alternatives into categories is done by means of a comparison of these alternatives with the profiles representing the frontiers between categories. ELECTRE TRI assigns alternatives to categories following two consecutive steps, including (1) construction of an outranking relation aSbh, and (2) exploitation of the relation aSbh. The ELECTRE TRI method builds an index σ(a, b h ) that represents the degree of credibility of the assertion aSb h (where σ(a, b h ) ͼ [0,1]). In order to determine this index, the following items should be calculated:
 The partial concordance index C j (a,b h )
Two assignment procedures can be evaluated using ELECTRE TRI:  Pessimistic procedure: An alternative a is assigned to the highest category such that aSb h−1 .
 Optimistic procedure: An alternative a is assigned to the lowest category C h such that b h > a.
More details about the ELECTRE TRI method can be found in (Yu, 1992; Roy and Bouyssou, 1993; Mousseau et al., 2001 ). The next section describes the decision-making problem and presents the decision process for the choice of appropriate evaluation methods for the layered evaluation.
THE PROPOSED DECISION MODEL
Problem Definition
A variety of MCDA methods has been proposed in order to solve the sorting decision problem. None of these MCDA methods is able to solve all types of decision-making situations (Guitouni and Martel, 1998) . In order to identify the most appropriate one, an analysis of the different MCDA methods is conducted. In this analysis, we focus essentially on the characteristics of the decision problem.
As already presented, the layered evaluation consists in evaluating every layer of adaptation independently of the others. Different evaluation methods can be used for individual layers. Assigning the alternative evaluation methods to predefined layers corresponds to one of the problem statements proposed by Roy (Roy, 1968) . The choice of appropriate evaluation methods in the case of the layered evaluation can be formulated as a sorting decision problem.
Given the presence of both quantitative and qualitative criteria with different types of scales, the ELECTRE TRI method seems to be an appropriate MCDA method for the given decision problem. In addition, ELECTRE TRI presents a powerful MCDA method that affects the different alternatives independently of each other. This has a significant importance in terms of saving computing time when a varied set of alternatives is presented.
Decision Process for the Choice of Appropriate Evaluation Methods for the Layered Evaluation
As already mentioned, the aim of this research is to identify the appropriate evaluation methods for the layered evaluation of interactive adaptive systems.
To this end, we use a specific MCDA method, namely ELECTRE TRI. The different MCDA methods need a set of alternatives that corresponds to the possible solutions. In this study, the considered alternatives are the evaluation methods. In IAS literature, there is a variety of evaluation methods for individual layers. Examples of these evaluation methods include user-as-wizard (Masthoff, 2006) , focus group (Krueger and Casey, 2009) , heuristic evaluation (Magoulas et al., 2003) .
Evaluation methods differ in terms of many criteria. In this study, six criteria, representing the situation where each evaluation method would be positioned, are considered. These criteria have a quantitative and qualitative nature and include:  Layer's input data, which reflect the input data of the adaptive system's functionalities to be evaluated by a layer. The input data can be either shown to the participants or produced by them (Paramythis et al., 2010) . The evaluation of this criterion is binary: we use 1 to represent the shown input data and 0 otherwise;  Layer's output data, which refer to the data produced by the layers. Like the input data, they can be either shown or produced by the stakeholders (Paramythis et al., 2010) . This criterion has a binary evaluation, 1 represents the shown input data and 0 otherwise;  System development phase, which reflects the moment in which a layer may be evaluated. Paramythis et al., (Paramythis et al., 2010) distinguishes three evaluation phases, namely (1) the specification phase, which occurs when the general functionality of a layer has been produced, (2) the design phase, which occurs when the design of the IAS has been completed or partially completed, and (3) the implementation phase which occurs in the presence of a prototype of the system's functionality;  Number of evaluators, which reflects the total number of evaluators involved in the IAS evaluation process. The evaluation of this criterion can yield a grade between 0 and N evaluators;  Number of users, which refers to the total number of users involved in the layered evaluation process of the interactive adaptive systems. The assessment of this criterion can yield a grade between 0 and N users;  Presence of real users, IAS evaluation can be applied in the presence of representative or real users. To make the use of this criterion in the decision model possible, the assessment made of this criterion is binary: we use 1 to represent the presence of real users and 0 otherwise.
It should be noted here that the mentioned criteria are not exhaustive and that other ones may be included. In the next step, a performance table is created. In which every evaluation method is classified according to the considered criteria. This classification is carried out through data collected from different previous research studies such as (Gena, 2005; Gena and Weibelzahl, 2007; Paramythis et al., 2010) . Then, a number of technical parameters for ELECTRE TRI have to be determined, namely the veto thresholds, the profile limits between categories, and the importance weights of criteria. When using ELECTRE TRI method, the evaluator has to give his/her preferences. It is important to note that the use of MCDA methods such as ELECTRE TRI method is based on the preference relation from the construction of a coherent family of criteria.
As already stated, two assignment procedures using ELECTRE TRI method are available, namely the optimistic and the pessimistic versions. In this step, an analysis of the usefulness of the results in each procedure is performed. The analyses conducted in this step consist in verifying if the different evaluation criteria that need to be assessed in each layer are covered by the proposed evaluation methods cover. In other words, a comparison is conducted between the evaluation factors to be assessed in the individual layers and the evaluation criteria covered. Every evaluation method allows assessing a number of evaluation factors in the individual layers of IAS, and depending on the context of use factors, a number of evaluation factors must be assessed in the layers. Examples of these evaluation criteria include transparency, predictability, timeliness, privacy and trust, appropriateness of adaptation, and unobtrusiveness.
In the final step, our proposal identifies the assignment procedure in which the evaluation factors that should be assessed in the individual layers are covered. Once the assignment procedure is identified, the final list of appropriate evaluation methods will be generated. Figure 1 shows the proposed decision model.
APPLICATION
This section investigates a case study in order to illustrate the feasibility of the proposed decision model. The research question addressed is "What are the best evaluation methods for individual layers of a specific adaptive hypermedia system?". In this study, the considered adaptive hypermedia system assists users in their information-seeking tasks by presenting information about the vehicles' times through a Web interface. The system adapts the interfaces in such a way as to present the relevant information about the user's destination (Dhouib et al., 2015) .
Exploration by ELECTRE TRI Method
The first step corresponds to the identification of the problem's characteristics. This involves also the identification of alternative evaluation methods for interactive adaptive systems and the criteria that affect the choice of these methods. Table 1 illustrates the alternative evaluation methods considered in this study. Due to the specificities of the layered evaluation, the choice of alternative evaluation methods has to take into account the formative perspective (Paramythis et al., 2010) . As already stated, the application of the ELECTRE TRI method needs the consideration of a number of parameters such as the importance weights of criteria. The construction of these weights importance is carried out through an elicitation process with the decision maker. Table 2 illustrates the importance weights of the identified criteria. The following step continues with an elicitation of the characteristics needed for the categories. In our context, the categories represent the layers of adaptation. The adaptation process of the considered adaptive hypermedia system is centered on the five distinct layers of (Paramythis et al., 2010) . The defined layers are collection of input data, interpretation of the collected data, modelling of the current state of the world, deciding upon adaptation, and applying adaptation. These layers have respectively the following priorities: very high, high, moderate, low, and very low. Four borders (b1, b2, b3 and b4), which constitute the limits of the different layers, are defined. Border b1, for example, determines the limit between the collection of input data and interpretation of the collected data layers, while b2 reflects the limit between interpretation of In the following stage, the binary relations defined by aHb i are identified, where a represents the alternatives evaluation method and b i the limit profile between layers. Five steps are conducted, namely (1) determination of the partial concordance index, (2) identification of the global concordance index, (3) calculation of the discordance index, (4) determination of the credibility index, and (5) identification of the relations of preference from the determination of the cut-off level λ. Table 3 presents the binary relations between alternatives and the reference actions in which the outranking relations (S), indifference (I), or incomparability (R) are defined.
Results and Discussion
The last stage of exploration of the ELECTRE TRI method consists in assigning the evaluation methods to the predefined layers. Two allocation procedures are supported by ELECTRE TRI method. The first allocation procedure begins with the pessimistic one. In this procedure, the comparison begins with the best reference action and proceeds to the action immediately below until the first profile b i which is outranked by alternative a i . After applying the ELECTRE TRI method, the appropriate evaluation methods are displayed according to the type of assignment (i.e., pessimistic or optimistic). Each evaluation method is compared to the reference profiles of the layers. Table 4 shows the final result obtained through the optimistic and pessimistic versions of ELECTRE TRI method.
Finally, the evaluator has to compare the evaluation criteria to be assessed in each layer and the other ones covered in the proposed evaluation methods in each assignment procedure. Based on the information given about the context of use factors, the evaluation criteria to be covered in the adaptive system can be determined. It should be noted that the proposed results are dependent on the considered evaluation constraints. In this study, the pessimistic version of ELECTRE TRI is adopted. This version proposes the most suitable evaluation methods that cover the different evaluation criteria in each layer. Table 5 illustrates the appropriate evaluation methods for individual layers of the considered adaptive system. Considering the final results obtained, we can note that in each layer, different evaluation methods are proposed. These methods are divergent in their assignment in each layer of adaptation. Interpretation of the data a15, a16, a8
Modelling of the current state of the world a1, a3, a6, a12, a19
Deciding upon adaptation a4, a2, a5, a9, a10, a17, a20
Applying adaptation a7, a11, a18
Every evaluation method is assigned to one layer according to which this method might be appropriate to assess the considered evaluation factors of the considered layer. It is important to examine carefully the evaluation methods generated and especially to infer the criteria that really represent the feedback from evaluator about the context of use factors. In this study, the ELECTRE TRI method is applied to the assignment problematic. It aims to allocate each alternative evaluation method to the appropriate layers. The different steps of adaptation are defined a priori by the evaluator. Five adaptation layers are identified in the adaptation process of the given adaptive system.
CONCLUSION AND FUTURE WORK
In this research paper, we are interested in proposing a decision model to guide the layered evaluation of interactive adaptive systems. The goal is to apply a multi-criteria decision sorting method in order to help evaluators in the choice of appropriate evaluation methods for individual layers. By doing so, it is possible to assign the best evaluation methods to the layers of adaptation for particular evaluation settings. To this end, one MCDA method is used, namely ELECTRE TRI. The proposed decision model is applied to determine the suitable evaluation methods for the individual layers of an adaptive hypermedia system. It should be noted that the number of layers may change from an IAS to another and that not all layers can be evaluated in isolation in all contexts. In some cases, it may be necessary to evaluate the layers in combination (Paramythis et al., 2010) . This depends essentially on some evaluation constraints and the nature of the IAS. The evaluation also has to consider the case of the whole adaptive systems in which there is no distinction between the different layers. Future directions of this research will then investigate how to handle the case of the whole adaptive system and the combination of layers. We also intend to include other criteria and to test our proposed model in real evaluation scenarios.
